We have characterized the two families of SINE retroposons present in Arabidopsis thaliana. The origin, distribution, organization, and evolutionary history of RAthE1 and RAthE2 elements were studied and compared to the wellcharacterized SINE S1 element from Brassica. Our studies show that RAthE1, RAthE2, and S1 retroposons were generated independently from three different tRNAs. The RAthE1 and RAthE2 families are older than the S1 family and are present in all tested Cruciferae species. The evolutionary history of the RAthE1 family is unusual for SINEs. The 144 RAthE1 elements of the Arabidopsis genome cannot be classified in distinct subfamilies of different evolutionary ages as is the case for S1, RAthE2, and mammalian SINEs. Instead, most RAthE1 elements were probably derived steadily from a single source gene that was maintained intact and active for at least 12-20 Myr, a result suggesting that the RAthE1 source gene was under selection. The distribution of RAthE1 and RAthE2 elements on the Arabidopsis physical map was studied. We observed that, in contrast to other Arabidopsis transposable elements, SINEs are not concentrated in the heterochromatic regions. Instead, SINEs are grouped in the euchromatic chromosome territories several hundred kilobase pairs long. In these territories, SINE elements are closely associated with genes. A retroposition partnership between Arabidopsis SINEs and LINEs is proposed.
Introduction
Transposable elements, in particular retroelements (class I transposable elements), are discrete components of the plant nuclear genome that can amplify and reinsert at other sites. Major classes of retroelements are recognized, including long interspersed nuclear elements (LINE), short interspersed nuclear elements (SINE), long terminal repeats (LTR)-retrotransposons, and retroviruses (Kumar and Bennetzen 1999; Schmidt 1999) . Retroelements multiply by a reverse transcription of the RNA they encode. They are highly amplified in plant genomes, and (along with recognizable, degenerate derivatives) frequently represent half of the nuclear DNA (Pearce et al. 1996; SanMiguel et al. 1996) . They have been found in all plants investigated so far and are very heterogeneous (Flavell, Smith, and Kumar 1992) . Because retroelements are such an important component of the genome, and one that is mobile, it is likely that retroelements are a major, if not the major, source of plant biodiversity.
SINEs are short (less than 500 bp) nonautonomous (and noncoding) elements transcribed by the RNA polymerase III complex and found in a wide variety of eukaryotes (Deininger 1989; Okada and Ohshima 1995) . SINEs are ancestrally related to tRNA with the exception of several families of mammalian SINEs related to 7SL RNA. LINEs are autonomous elements encoding a protein complex necessary for retroposition. LINEs are also widely distributed among eukaryotes and can be classified in a minimum of 12 distinct clades based on a phylogenetic analysis of their reverse transcriptase domain, each clade dating back to the Precambrian era (Malik, Burke, and Eickbush 1999; Malik and Eickbush 2000) . Recently, the transposition of nonautonomous SINEs was suggested to depend on proteins encoded by autonomous LINE partners (Smit 1996; Boeke 1997; Jurka 1997; Okada et al. 1997) . In that hypothesis, SINEs would have evolved as parasites of the LINE retroposition machinery.
SINE and LINE have been intensively studied in animals where they represent the major class of retroelements (for a recent review see Deragon and Capy 2000) . In plants, SINE and LINE are usually less abundant than the LTR-retrotransposons and are much less studied. The best characterized plant SINE element is the SINE S1 from Brassica species (Deragon et al. 1994; Gilbert et al. 1997; Lenoir et al. 1997; Arnaud et al. 2000) . Over 90% of the Arabidopsis thaliana genome is now available (The Arabidopsis Genome Initiative 2000) providing a unique opportunity to study all SINEs from a higher eukaryote genome. Earlier studies (Surzycki and Belknap 1999; Le et al. 2000) have revealed the presence of three SINE families in Arabidopsis (RAthE1 or SL1, SL2, and SL3). However, we found that the SL3 sequences were misclassified as a SINE and represented the 3Ј end of LINE elements (unpublished data). In this work, the origin, the distribution, the organization, and the evolution history of RAthE1 (SL1) and RAthE2 (SL2) elements were studied and compared to the wellcharacterized SINE S1 element from Brassica.
Materials and Methods

Phylogenetic Analyses
The SINE and tRNA sequences were aligned using Clustal W multiple-alignment program (Version 1.5, Thompson, Higgins, and Gibson 1994) with some manual refinements (elimination of unnecessary gaps at the beginning and at the end of the Clustal W alignment). Evolutionary distances were calculated using the Jin-Nei distance method of the Dnadist program (PHYLIP package Version 3.573c, Felsenstein 1989) . The coefficient of variation of the Gamma distribution (to incorporate rate heterogeneity) and the expected transition to transversion ratio (t) were obtained by preanalyzing the data with the Tree-Puzzle program (Version 5.0, Strimmer and Von Haeseler 1997) . Phylogenetic trees were inferred using the Neighbor-Joining method (PHYLIP package Version 3.573c, Felsenstein 1989) . Consensus trees were inferred using the consense program (PHY-LIP package). The significance of the various phylogenetic lineages was assessed by bootstrap analyses (Hedges 1992).
Analysis
We aligned the RAthE1, RAthE2, and LINE insertion sites. The target site duplications (TSDs) were adjusted to the left so that they all started at the same position, and to the right so that they all ended at the same position (as in Tatout, Lavie, and Deragon 1998) . Only sites with perfect TSDs of a minimum of 9 bp were used (44 sites for RAthE1, 14 sites for RAthE2, and 30 sites for LINEs). The analysis on the dinucleotide distribution flanking SINEs were done essentially as described in Jurka (1997) . Briefly, 2 ϭ S 4 i ϭ 1 (O i Ϫ E i ) 2 /E i ; where O i is the dinucleotides occurrences and E i is the total number of dinucleotides at a given position x base composition. We used a significance level of P Ͻ 0.01 for 3 degrees of freedom. The data for the S1 insertion sites are described in Tatout, Lavie, and Deragon (1998) .
SINE and LINE Distribution
PCR primers corresponding to RathE1 (AY033656, RathE1.1 5Ј-AGTGTCGTTAGCTCAATTGG-3Ј, RathE 1.2 5Ј-GAYCCTAGGCGAAGCTTAG-3Ј, RathE1.3 5Ј-C AGGAGGTTCTGGGCCG-3Ј, and RathE1.4 5Ј-(T) 15 GA ATACCAGGAGGTTCTGG-3Ј) and RathE2 (AY033702, RathE2.1 5Ј-AGCCCAAGCATCTGTGGTC-3Ј, RathE2.2 5Ј-TCAGCCCCGGTAGAAACGC-3Ј, and RathE2.3 5Ј-C CCTATCGGCTGATCCGG-3Ј) consensus sequences were used to amplify SINEs in various Cruciferae species. After a first PCR reaction (using primers RathE1.1 and RathE1.4 or RathE2.1 and RathE2.3), a second PCR amplification with more internal primers (RathE1.2 and RathE1.3 or RathE2.1 and RathE2.2) was used to confirm the presence of the SINE. For the amplification of LINEs, degenerate PCR primers targeting the reverse transcriptase domain were designed (LINE1.1 5Ј-GARTTYTTYARR GVAGCTTGG-3Ј, LINE 1.2 5Ј-TCGTCAGCRAARCAT BARRTG-3Ј, and LINE 1.3 5Ј-RTCAAAMGCTTTNSA RAGATC-3Ј). These primers can amplify Arabidopsis LINEs from one of the two families described by Noma, Ohtsubo, and Ohtsubo (2000) . After a first PCR reaction (using primers LINE1.1 and LINE1.3) a second PCR amplification, with a more internal primer (LINE 1.1 and LINE 1.2) was used to confirm the presence of LINEs. The species used for LINE and SINE amplification are representatives of the diversity in the Cruciferae family with at least one representative for each of the six major tribes (Hedge 1976) . The species used (and their tribe classifications) are: Arabidopsis thaliana (Arabideae), Arabidopsis suecica (Arabideae), Cardaminopsis petraca (Arabideae), Barberea vulgaris (Arabideae), Aphragmus oxycarpus (Sissymbrieae), Sisymbrium irio (Sissymbrieae), Armoracia rusticana (Drabeae), Capsella bursa-pastoris (Lepidieae), Erysimum cheiranthoides (Hesperidae), Crambe hispanica (Brassiceae), Zilla spinosa (Brassiceae), Sinapis pubescence (Brassiceae), Brassica oleracea (Brassiceae). For the PCR reactions, 100 ng of DNA were subjected to 30 PCR cycles using the Robocycler 96 (Stratagene) with 1 M each of sense and antisense primers and 0.2 U of Gold Star DNA polymerase (Eurogenetec) in a final volume of 25 l. The annealing temperature used in all cases corresponds to the melting temperature of the primers (Tm) minus 4ЊC. The second PCR reaction was done under the same conditions, using 1 l of the PCR product obtained after the first amplification.
Results
A BLAST search of the Arabidopsis database (March 2001), using the RAthE1 consensus sequence (Surzycki and Belknap 1999) or the SL2 sequences (Le et al. 2000 ) allowed the identification of 144 different copies of RAthE1 elements and 58 different copies of RAthE2 (SL2) elements. The characteristics of these elements are summarized in table 1 (RAthE1) and table 2 (RAthE2), respectively. The consensus RAthE1 sequence (GeneBank #AY033656) is 148-bp long and possesses consensus A and B boxes that are characteristic of promoters targeted by the RNA polymerase III. Most RAthE1 elements end with a poly (A) region and 56% of them are flanked by TSDs of at least 9 bp. Surprisingly, 39% of the RAthE1 copies are truncated, most of them in their 5Ј region, a rare situation for SINE elements (Deininger and Batzer 1995; Okada and Ohshima 1995) . One-third of the truncated copies are flanked by TSDs, suggesting that, at least in these cases, the truncation arose during the transposition process and not as a secondary rearrangement. The consensus RAthE2 sequence (GenBank #AY033702) is 303-bp long and also possesses consensus A and B boxes. Most RAthE2 elements end with a poly (A) region and 43% of them are flanked by TSDs of at least 9 bp. The majority (57%) of RAthE2 elements are truncated, most of them in their 5Ј region. Again, one-third of the truncated copies are flanked by TSD.
Origin and Evolution History of RAthE1 and RAthE2; Comparison with S1 from Brassica Most SINE families are ancestrally derived from tRNA, with the exception of several mammalian SINEs that originate from 7SL RNA (Deininger and Batzer 1995; Okada and Ohshima 1995) . The S1 from Brassica is a well-characterized tRNA-related SINE family that is used as a model to study retroposition in plants (Gil- Table 1 Copy Number, Structure, and Localization of the RAthEl Family bert et al. 1997). A direct comparison of the S1, RAthE1, and RAthE2 consensus sequences revealed a low level of sequence identity (Ͻ50%), most of it in the pol III promoter region (not shown), suggesting that these three families arose independently. We have compared the 5Ј region of these three consensus SINE sequences with representative Arabidopsis tRNAs ( fig. 1 ). We found that S1 and RAthE2 consensus sequences are related to proline and glycine tRNAs, respectively, whereas the RAthE1 consensus sequence is more related to cysteine tRNAs. These results confirm that RAthE1 and RAthE2 are, like S1, tRNA-related SINEs and that the three Cruciferae SINE families arose independently from three different tRNA precursors. The ages and the evolution history of S1, RAthE1, and RAthE2 elements were compared. Three different alignments composed of 46 S1, 46 RAthE1, or 32 RAthE2 full-length or near full-length elements were made. We first used these alignments to calculate the genetic distance of each sequence compared to the family consensus sequence. As the family consensus sequence approximates the sequence of the founder element (Jurka 1998) , the genetic distance of SINEs from its consensus is related to the age of the family. We found that the RAthE1 and RAthE2 families (mean distance from the consensus: 0.1775 and 0.2080, respectively) are older than the S1 family (mean distance from the consensus: 0.1008). These results are supported by the fact that RAthE1 and RAthE2 are present in all Cruciferae species tested (not shown, see Materials and Methods for the list of species tested), whereas S1 is almost exclusively present in species of the Brassiceae tribe .
Using the Neighbor-Joining method and the genetic distance matrices obtained from the SINE alignments, we have constructed three phylogenies ( fig. 2) . In previous works, we have shown that S1 elements in Brassica species are generated from a small number of founder elements creating subfamilies of different evolutionary ages (Deragon et al. 1994; Lenoir et al. 1997 ). This pattern of evolution is very similar to the one described for mammalian SINEs (Deininger and Batzer 1995; Jurka 1995) . New founder sequences are generated either by the mutation of old ones (serial formation) or from the mutation of previously inactive elements (parallel formation) (Deininger and Batzer 1995) . The S1 phylogeny is composed of different clusters ( fig. 2A) , each representing the activity of distinct founder sequences generating distinct subfamilies . As for S1, the RAthE2 family can be separated in several clusters, suggesting the presence of different subfamilies and the use of different founder sequences ( fig. 2C ). The situation is very different for the RAthE1 family. Although this family is composed of young (distance from the consensus: 0.0591) and old (distance from the consensus: 0.4828) elements, they cannot be grouped into subfamilies of different evolutionary ages as indicated by the absence of significant bootstrap values on the phylogeny (fig. 2B) . Instead, all RAthE1 elements appear to have been generated by a single founder sequences that was maintained unchanged and active Table 2 Copy Number, Structure, and Localization of the RAthE2 Family for at least 12-20 Myr, the age of the Cruciferae family (Cavell et al. 1998 ).
Target Site Specificity and Genomic Localization of the RAthE1 and RAthE2 Elements
We found that RathE1 and RathE2 insertion sites present a specific DNA signature. The first nick leading to RAthE1 and RAthE2 insertion is enriched in TA, CA, and TG dinucleotides followed by GA/AG/GG/AA dinucleotides ( fig. 3) . No sequence specificity is observed for the second nick (not shown). This signature is identical to the one described for S1 insertion sites ( fig. 3 ) (Tatout, Lavie, and Deragon 1998) . Therefore, the three SINE families share the same target site specificity at the DNA level. We next looked at the localization of the RAthE1 and RAthE2 elements, at the gene level (using 10 kb windows; see tables 1 and 2) and at the chromosome level (using 1 Mb windows; fig. 4 ). We found that, in contrast to other Arabidopsis transposable elements (The Arabidopsis Genome Initiative 2000), RAthE1 and RAthE2 SINE Retroposons 2319
FIG. 2.-Comparison of
A, S1; B, RAthE1; and C, RAthE2 phylogenies. The phylogenies were obtained using the Neighbor-Joining method. Numbers above each node indicate bootstrap values as percentages out of 1,000 replicates. The S1 elements were named according to previous studies Tatout, Lavie, and Deragon 1998; Tatout et al. 1999 ). The nucleotide divergence scale is indicated for each phylogeny. The horizontal line corresponds to significance levels of P Ͻ 0.01 for 3 degrees of freedom. 2 analysis indicates that position 0 and ϩ1 are significant for the LINE and the three SINE families. The SINE and LINE 5Ј nicking site is composed at the dinucleotide level of a peak of kinkable dinucleotide (TG/CA/ TA) followed by a peak of dipurine (GG/AA/GA/AG). most SINEs are intercalated with genes. Forty percent of the RAthE1 elements and 65% of RAthE2 elements are either in an intron or within 500 bp (in 5Ј or 3Ј) of an exon (see tables 1 and 2). For one RAthE1 and three RAthE2 loci, the SINE is predicted to be part of a gene exon. A small proportion of elements (5% for RAthE1 and 2% for RAthE2) is localized more than 5 kb away from a gene. In these rare cases, the SINEs were positioned in repeat-rich regions. At the chromosome level, SINEs are grouped in euchromatic chromosome territories several hundred thousand base pairs long (fig. 4) . The highest SINE density is found in gene-rich euchromatic territories flanking heterochromatic regions such as centromeres, nucleolar organizers (NORs), and heterochromatic knobs (see fig. 4 ).
Which Partner for the Two Arabidopsis SINE Families?
SINEs are nonautonomous elements that must use in trans the enzymatic machinery from another (autonomous) retroelement. Recently, primary sequence homology was found between the 3Ј UTR of LINEs (mainly belonging to the CR1 and RTE clades, Malik, Burke, and Eickbush 1999) and the 3Ј region of several tRNArelated SINEs from different species (Okada et al. 1997) . This shared 3Ј region between SINEs and LINEs was proposed to facilitate the trans-selection of SINE RNA by the LINE retroposition complex (Okada et al. 1997; Weiner 2000) . In a previous study, 198 LINEs have been identified in the Arabidopsis (nuclear) genome, all belonging to the L1 clade (Noma, Ohtsubo, and Ohtsubo 2000) . We searched (using the program BLAST) the Arabidopsis database for LINE elements that would share 3Ј sequence homologies with RathE1 or RathE2. No such element was found. We also made a consensus sequence of the 3Ј UTR region of Arabidopsis LINEs. This consensus sequence was compared to the consensus sequence of RathE1 and RathE2 elements. Again, no homology was detected. These results suggest that Arabidopsis LINEs are not involved in SINE retroposition or that the SINE-LINE relation in Arabidopsis is not based on a shared 3Ј end region. To test the possible implication of a LINE endonuclease (see Cost and Boeke 1998 for a functional description of a LINE endonuclease) in SINE integration, we ana-lyzed the DNA signature of LINE integration sites as we did for SINEs ( fig. 3) . We observed that the DNA signature of LINE integration sites is identical to the one found for the RathE1 and RathE2 SINEs suggesting that a LINE endonuclease is implicated in SINE integration. Using degenerated primers targeting the reverse transcriptase of LINEs present in Arabidopsis (see Materials and Methods), we were able to amplify a LINE fragment in all Cruciferae species where we have detected RathE1 and RathE2 elements (not shown, see Materials and Methods for the list of the species tested). The common presence of SINEs and LINEs in all Cruciferae species tested and the common DNA signature of SINE and LINE integration suggest that the LINE integration machinery was implicated in SINE retroposition.
Discussion
Most eukaryotic SINEs are derived ancestrally from tRNA (Okada and Ohshima 1995) . This is the case of the S1 family from Brassica (Deragon et al. 1994) . Using representative tRNAs from Arabidopsis, we were also able to retrace the origin of RAthE1 and RAthE2 to tRNAs ( fig. 1) . Unexpectedly, we observed that the three Cruciferae SINE families are related to different tRNAs and therefore emerged independently. The age of RAthE1 and RAthE2 families is similar and it is likely that these two families were active in parallel. The presence of young SINE copies in the RAthE1 and RAthE2 families indicate that they were active in recent past (i.e., a few million years) but we cannot determine if they are still active today. The Arabidopsis genome is known to possess a low proportion of transposable elements (approximately 10%, The Arabidopsis Genome Initiative 2000) compared with other plant species. The presence of two independent SINE families in a genome such as Arabidopsis and the presence of three independent SINE families in Cruciferae (speciation time: 12-20 Myr) suggest that SINEs are ubiquitous in plants.
The evolution history of the RAthE1 family is unusual for SINEs. Although the RAthE1 family is composed of young and old elements, they cannot be grouped into subfamilies as is the case of S1, RAthE2, and mammalian SINEs (Jurka 1995; Deininger and Batzer 1995) . Instead, all RAthE1 elements appear to have been generated by a single founder sequence. This result strongly suggests that the RAthE1 source gene was (and may still be) under selection. Without selection, we expect the founder sequence to accumulate mutations (by genetic drift) and to propagate these mutations by retroposition creating diagnostic mutations that are characteristic of SINEs subfamilies (serial subfamily formation, Deininger and Batzer 1995) . The absence of subfamilies suggests that the founder element was maintained intact by selection over the period of retroposition activity of the SINE family (at least 12-20 Myr). Furthermore, this also implies that the formation of new founding sequences from previously inactive elements (parallel subfamily formation, Deininger and Batzer 1995) was impaired. The RAthE1 (but not the RAthE2 or S1) consensus sequence presents two mismatches in the A box and two mismatches in the B box compared to the eukaryote consensus (not shown). This observation suggests that the RAthE1 internal promoter may not be fully autonomous. Transcription for this family may thus only be possible at the founder sequence locus because of the presence of external enhancers. The presence of external enhancers has been shown to be important for the activity of a putative S1 founder sequence (Arnaud et al. 2001) . In that situation, the formation of new founding RAthE1 elements from retroposed element would be more difficult and the parallel formation of subfamilies impaired.
Chromosomal Localization of Arabidopsis SINEs
In general, Arabidopsis transposable elements have the propensity to occupy gene-poor region composed mainly of other repeats (The Arabidopsis Genome Initiative 2000) . This is particularly the case for the class I retroelements that primarily occupy the centromeres and are excluded from regions flanking the rDNA repeats (The Arabidopsis Genome Initiative 2000). In contrast, we show here that RAthE1 and RAthE2 SINE retroelements are interspersed with genes and are enriched in chromosomal territories flanking the rDNA repeats. In fact, SINEs are more abundant in gene-rich euchromatic territories flanking several heterochromatic regions, including centromeres, NORs, and heterochromatic knobs (see fig. 4 ). SINEs are almost absent in centromeric and pericentromeric regions where other transposable elements are abundant. This chromosomal distribution of SINE is intriguing and might be accounted for, in part, by a target site specificity. We observed that Arabidopsis SINEs present the same insertion site specificity as S1 and mammalian SINEs ( fig. 3 ). This specificity is not strict and includes a preference for certain dinucleotides, capable of forming kinks or bends, at the insertion sites (McNamara et al. 1990; Jurka et al. 1997; Tatout, Lavie, and Deragon. 1998) . This result suggests that DNA secondary structure, more than the primary sequence itself, is important for SINE insertion (Tatout, Lavie, and Deragon 1998) . We have also shown recently that SINEs are targeted to matrix attachment sites (MARs) in plant genomes (Tikhonov et al. 2001) . MARs are known to be enriched in kinkable dinucleotides and to adopt unusual DNA secondary structures (Reviewed in Bode et al. 1998) . Therefore, it is tempting to speculate that SINE-rich transition domains between heterochromatin and euchromatin can adopt unusual DNA secondary structures.
The chromosomal distribution of SINEs could also be explained in part by a selection process. In that case, the presence of SINEs in gene-rich regions may be explained by their short size. Although SINEs may have an impact on gene expression, these short elements may be better tolerated in gene-rich regions compared with longer ones. This cannot, however, explain the absence of SINEs in gene-rich chromosomal regions not flanking heterochromatic domains (see fig. 4 ). 
SINE-LINE Relation in Arabidopsis thaliana
Our effort to identify an Arabidopsis LINE element that would share primary sequence homologies with RathE1 and RathE2 failed. Despite this lack of sequence identity we suggest that Arabidopsis LINEs are partners of RathE1 and RathE2 retroposition and that this partnership is similar to the one described for the mammalian L1 (LINE) and Alu (SINE) elements.
L1 is generally proposed as the LINE partner of the SINE Alu, despite a lack of primary sequence identity between the two sequences (Smit 1996; Boeke 1997; Jurka 1997 ). This hypothesis is supported by (1) a statistical analysis of the human LINE L1 and SINE Alu integration sites showing a common target site selection for the two elements (Feng et al. 1996; Jurka 1997) , (2) the specificity of the L1 endonuclease that can explain L1 and Alu integration events (Feng et al. 1996; Cost and Boeke 1998) , (3) the observation that L1 can generate processed pseudogenes in a trans-retroposition process analogous to Alu amplification (Esnault, Maestre, and Heidmann. 2000) , and (4) the observation that retroviral reverse transcriptase, the only other cellular enzyme that could mobilize SINEs, is unable to generate the footprints observed following SINE retroposition (Dornburg and Temin 1990; Esnault, Maestre, and Heidmann 2000) . The putative partnership of L1 and Alu has been described in a model called the Poly(A) Connection (Boeke 1997) . In this model, the binding of nascent L1 proteins to the poly(A) tract of translated L1 mRNA would play an important role in the retroposition efficiency of this element Boeke 1997 ).
The success of Alu amplification could be explained if Alu RNA is also interacting with nascent LINE proteins through its own poly (A) tract. To do so, Alu RNA needs to be targeted to the ribosome during L1 mRNA translation. This targeting could be the result of the ability of Alu RNA to adopt a secondary structure similar to 7SL RNA (Sinnett et al. 1991) and to bind two cellular signal recognition particle (SRP) proteins (Chang and Maraia 1993) . As the SRP complex is bound to ribosomes near the exit hole where nascent proteins emerged, Alu RNA would be suitably positioned to interact with nascent L1 proteins.
As for the mammalian L1 element, all Arabidopsis LINEs belong to the L1 clade and end with poly(A) tracts (Noma, Ohtsubo, and Ohtsubo 2000) . LINEs belonging to the L1 clade were never implicated in a SINE partnership based on primary sequence homologies (Okada et al. 1997 ). This suggests that LINEs from the L1 clade, in opposition to LINEs from other clades, do not use a sequence-specific selection process for transretroposition. RathE1 and RathE2 SINEs also end with long poly(A) tracts. We observed in this work that Arabidopsis SINEs and LINEs present a common target site DNA signature ( fig. 3 ) and a common distribution among Cruciferae species. It is therefore possible that the SINE-LINE relationship in Arabidopsis is not based on primary sequence identity but on the presence of a common poly (A) region. If true, this would constitute the first nonmammalian poly(A) connection. In this model, the tRNA-like structure of the SINE RNA would be important to target the SINE RNA to the ribosome.
GenBank references: RAthE1 (AY033656-AY033701), RAthE2 (AY033702-AY033733, AY044647).
